More than 520 specimens of the chrysomelid genus Lochmaea were available for study as the result of collecting efforts by citizen scientists. Taiwanese species of Lochmaea can be separated into two species groups based on presence or absence of hind wings. The Lochmaea lesagei group (winged) contains L. lesagei Kimoto, 1996 and L. tsoui sp. n. The L. smetanai group (wingless) contains L. smetanai Kimoto, 1996, L. cheni sp. n., and L. jungchani sp. n. Members of the L. smetanai group inhabit alpine microhabitats and are the only wingless galerucines in Taiwan that occur in harsh environments, as is the case with most brachelytrous Chrysomelidae.
Introduction
The genus Lochmaea Weise belongs to the Galerucini (Beenen 2010 ) based on antennal insertions that are close or equal to the anterior margins of the eyes. This genus is easily distinguished from similar genera such as Galerucella Crotch, 1873, Mimastracella 公路) (Fig. 1D ). Other mountains require days of climbing. Mr Jung-Chan Chen (陳榮章) (Fig. 1E ), one member of TCRT, is capable of such hikes. For example, he took two days to reach the top of Yushan Main Peak (玉山主峰, 3952 m), but collecting was unproductive due to presence of only small host plants. He subsequently hiked for three days to reach the tops of Yushan East Peak (玉山東峰, 3869 m) (Fig. 1F) , Yushan West Peak (玉山西峰, 3518 m), and Yushan North Peak (玉 山北峰, 3833 m) and collected more than 30 specimens. These are in addition to material collected from various mountains by him during several years. As a result, species richness and distributions for each species of this genus can be accurately delimited based on robust sampling. Beenen and Jolivet (2008) stated that most of brachelytrous chrysomelids (correlated with reduction of hind wings) occur in harsh environments including deserts, islands, and alpine regions. The proposed adaptive explanation for this condition is that in harsh environments energy has to be invested as efficiently as possible and investing in flight is maladaptive. Lochmaea is a unique genus in that it contains both winged species (L. lesagei) and wingless species (L. smetanai) in Taiwan. Thus, it is a good example to test whether the two species groups fit assumptions based on distributions in harsh habitats and correlated wing reduction.
Materials and methods
Prior to the current study, a small number of specimens were collected using sweep nets and deposited at the Taiwan Agricultural Research Institute (TARI). Additional specimens collected using Malaise traps are deposited at the National Museum of Natural Science, Taichung (NMNS). Although adults are nocturnal, they stay on hosts during daytime where they can be collecting using sweep nets. They are active and walking during night time. Malaise traps can be effective, but beating host plants at night is the most effective way to collect adults, especially on plants with obvious feeding damage. In total, more than 520 specimens were available for this study using these collecting methods.
For rearing studies, larvae were placed in plastic containers (diameter 90 mm × height 57 mm) with cuttings from their host plants. When mature larvae began searching for pupation sites, they were transferred to other plastic containers of the same size but filled with moist soil (about 80% of container volume).
For taxonomic study, the abdomens of adults were separated from the forebody and boiled in 10% KOH solution, followed by washing in distilled water to prepare genitalia for illustrations. The genitalia were then dissected from the abdomen, mounted on slides in glycerin, and studied and drawn using a Leica M165 stereomicroscope. For detailed examinations a Nikon ECLIPSE 50i microscope was used.
At least two pairs from each species were examined to delimit variability of diagnostic characters. For species collected from more than one locality, at least one pair from each locality was examined. Length was measured from the anterior margin of the eye to the elytral apex, and width at the greatest width of the elytra.
Exact label data are cited for all type specimens of described species; a double slash (//) divides the data on different labels and a single slash (/) divides the data in different rows. Other comments and remarks are in square brackets: [p] 
Key to Taiwanese species of Lochmaea

1
Elytral humerus and hind wing well developed (Fig. 2) Median lobe symmetrical, with apex rounded (Fig. 3C) Elytra green, with yellowish brown suture and lateral margins ( Fig. 11A-C) ; median lobe parallel-sided (Fig. 12C) ; apical margin of abdominal ventrite V in females with median notch narrow and shallow (Fig. 12I) (Fig. 13C, D) ; apical margin of abdominal ventrite V in females with median notch narrow and margined with longitudinal ridges (Fig. 13I) Lee; 19♂♂, 19♀♀ (TARI) Diagnosis. Lochmaea lesagei Kimoto cannot be distinguished from L. tsoui sp. n. based on external morphology but it differs by the rounded apex of the symmetrical median lobe (Fig. 3C ) (tapering apex of asymmetrical median lobe ( Fig. 6C ) in L. tsoui sp. n.), the acute apex of abdominal ventrite VIII in females ( Fig. 3E ) (rounded apex (Fig. 6E ) in L. tsoui sp. n.), and northern Taiwan distribution (southern Taiwan in L. tsoui sp. n.).
Redescription. Length 6.6-7.4 mm, width 3.3-2.9 mm. General color ( Fig. 2A , C) yellowish brown to reddish brown; vertex and pronotum with median longitudinal dark band; each elytron green but with wide yellowish brown band along suture and lateral margin. Antennae filiform in males (Fig. 3A) , length ratios of antennomeres I-XI 1.0 : 0.6 : 1.0 : 1.0 : 1.0 : 0.9 : 0.9 : 0.7 : 0.7 : 0.7 : 0.9, length to width ratios of antennomeres I-XI 2.7 : 3.0 : 3.3 : 3.4 : 3.6 : 3.6 : 3.6 : 3.5 : 3.7 : 3.6 : 4.0; much shorter in females (Fig. 3B ), length ratios of antennomeres I-XI 1.0 : 0.5 : 0.9 : 0.8 : 0.9 : 0.9 : 0.7 : 0.7 : 0.7 : 0.7 : 0.9, length to width ratios of antennomeres I-XI 2.7 : 2.2 : 3.7 : 3.3 : 3.8 : 3.6 : 3.0 : 3.1 : 3.3 : 3.1 : 3.6. Pronotum transverse, 1.8× wider than long, disc with dense, extremely coarse punctures, and one pair of lateral depressions; lateral margins strongly narrowed basally; margins concave basally and apically. Elytra elongate and parallel-sided, 1.4× longer than wide; disc with random, dense, coarse punctures. Apical margin of abdominal ventrite V in males with median notch bearing short, longitudinal ridges along margin, concave between ridges (Fig. 3H ). Ventrite V in females with deep, wide, median, rounded notch (Fig. 3I) . Median lobe symmetrical, (Fig. 3C, D) slender, 6.4× longer than wide, parallel-sided from base to apical 1/3, broader towards 1/7, widest at apical 1/7, apex rounded; opening elongate, apically broader; in lateral view almost straight, strongly curved near base, apically narrowed from apical 1/7; internal sac with one elongate sclerite, 0.6× as long as median lobe. Gonocoxae (Fig. 3F ) elongate, membranous except apical parts, with one pair of weakly sclerotized, elongate sclerites at base; apical parts elongate, bearing tiny, scattered setae and four long setae at apices. Ventrite VIII (Fig. 3E ) longitudinal and well sclerotized; apex acute; abruptly broader at apical 1/5, spiculum long and wide. Receptacle of spermatheca (Fig. 3G ) strongly swollen; pump slender and strongly curved; proximal spermathecal duct deeply inserted into receptacle, broad but short.
Host plants. Ericaceae: Rhododendron pseudochrysanthum Hayata (Fig. 4A, B ) and R. rubropilosum Hayata var. taiwanalpinum (Ohwi).
Biology. Larvae appear when host plants begin sprouting. A number of young larvae (first-instar) were collected from Rhododendron pseudochrysanthum in Kunyang (昆陽) (3050 m), May 18, 2009 and transferred to the laboratory for rearing. Mature larvae burrowed into the soil and built underground chambers for pupation after seven days (May 25). Adults emerged from soil after 24 days (June 28). Twenty larvae emerged successfully as adults. From this sample, eighteen adults were identified as L. lesagei (winged) and the other two as L. smetanai (wingless). Adults appeared in the field from late June to October.
Distribution. Southern Taiwan, including Nantou, Hualien, Chiayi, Pingtung, Taitung, and Taichung (only found in Nanhutashan (南湖大山)) Counties ( Diagnosis. Lochmaea tsoui sp. n. cannot be distinguished from L. lesagei Kimoto based on external morphology but differs by the tapering apex of the asymmetrical median lobe (Fig. 6C ) (rounded apex of symmetrical median lobe (Fig. 3C ) in L. lesagei), the rounded apex of abdominal ventrite VIII in females (Fig. 6E ) (acute apex (Fig. 3E ) in L. lesagei), and northern Taiwan distribution (southern Taiwan in L. lesagei) Description. Length 5.3-6.8 mm, width 2.7-3.3 mm. General color (Fig. 2D-F ) yellowish brown to reddish brown; each elytron green but with wide yellowish brown band along suture and lateral margin. Antennae filiform in males (Fig. 6A) , length ratios of antennomeres I-XI 1.0 : 0.7 : 1.1 : 1.0 : 0.9 : 0.9 : 0.9 : 0.8 : 0.8 : 0.7 : 0.9, length to width ratios of antennomeres I-XI 2.6 : 2.4 : 3.7 : 3.1 : 2.9 : 2.9 : 2.9 : 2.5 : 2.6 : 2.4 : 3.2; similar in females (Fig. 6B) , length ratios of antennomeres I-XI 1.0 : 0.5 : 0.8 : 0.8 : 0.7 : 0.7 : 0.7 : 0.6 : 0.6 : 0.6 : 0.7, length to width ratios of antennomeres I-XI 2.4 : 2.1 : 3.2 : 3.0 : 2.6 : 2.7 : 2.7 : 2.8 : 2.9 : 2.9 : 3.2. Pronotum transverse, 1.8× wider than long, disc with dense, extremely coarse punctures, and one pair of lateral depressions; lateral margins strongly narrowed basally; margins concave basally and apically. Elytra elongate and parallel-sided, 1.4× longer than wide; disc with random, dense, coarse punctures. Apical margin of abdominal ventrite V in males with median notch, bearing short, longitudinal ridges along margin, shallow concave between ridges (Fig. 6H) . Ventrite V in females with shallow, wide, median, angular notch (Fig. 6I ). Median lobe (Fig. 6C, D) broad, 4.8× longer than wide, asymmetrical, left lateral margin straight, right lateral margin widest at apical 1/5, apically tapering; opening broad, located on right, starting from apical 1/12; in lateral view strongly curved, distinctly oblique; internal sac with one elongate sclerite, 0.8× as long as median lobe, one additional sclerite located near base of elongate sclerites, base wide and bifurcate, apically membranous. Gonocoxae (Fig. 6F) elongate, membranous except apical parts, with one pair of weakly sclerotized, elongate sclerites at base; apical parts elongate, bearing tiny, scattered setae and four long setae at apices. Ventrite VIII (Fig. 6E ) longitudinal and well sclerotized; apex rounded; abruptly broader at apical 1/5, with paired cluster of long setae near middle, disc bearing tiny, scattered setae along apical margin; spiculum long and narrow. Receptacle of spermatheca (Fig. 6G ) strongly swollen; pump slender and strongly curved; proximal spermathecal duct deeply inserted into receptacle, broad but short. Host plants. Ericaceae: Rhododendron formosanum Hemsl., R. indicum (L.) Sweet (introduced species) (Fig. 4E) , and R. hyperythrum Hayata (Fig. 4C, D) , and R. pseudochrysanthum Hayata (Fig. 4F) . (Fig. 7A) , and some concealed themselves inside coiled leaves (Fig. 7B ). Mature larvae (Fig. 7C ) burrowed in soil and built underground chambers for pupation (Fig. 7D ) after 15 days (April 19). Adults emerged from soil after 23 days. Adults appeared in the field from June to November.
Etymology. This new species is named after Mr. Mei-Hua Tsou, a member of the TCRT and the first to collect this new species.
Distribution. Northern Taiwan (Fig. 5A ), including Taipei, Ilan, Taoyuan, Hsinchu, and Taichung Counties.
Lochmaea smetanai species group
Members of this species group have reduced elytral humeri and hind wings. Three species are recognized in Taiwan: L. smetanai Kimoto in northern Taiwan, L. cheni sp. n. in central Taiwan, and L. jungchani sp. n. in southern Taiwan. Diagnosis. Lochmaea smetanai Kimoto cannot be distinguished from L. jungchani sp. n. based on external morphology but differs in the relatively broader median lobe, 5.7× longer than wide (Fig. 9C ) (more slender median lobe in L. jungchani sp. n., 6.8× longer than wide ( Fig. 13C)) ; longer elongate endophallic sclerite, 0.7× as long as median lobe (Fig. 9C ) (shorter elongate endophallic sclerite in L. jungchani sp. n., 0.5× as long as median lobe (Fig. 13C)) ; apical margin of abdominal ventrite V in females with a median angular notch (Fig. 9I ) (narrow notch margined with longitudinal ridges (Fig. 13I ) in L. jungchani sp. n.).
Redescription. Length 5.7-6.4 mm, width 2.9-3.5 mm. General color (Fig. 8A-C) reddish brown, but vertex and pronotum greenish brown, with median longitudinal dark band on pronotum, each elytron greenish brown except suture and lateral margins. Antennae filiform in males (Fig. 9A) , length ratios of antennomeres I-XI 1.0 : 0.5 : 0.9 : 0.8 : 0.7 : 0.7 : 0.7 : 0.6 : 0.6 : 0.6 : 0.8, length to width ratios of antennomeres I-XI 2.6 : 2.0 : 3.1 : 2.8 : 2.7 : 2.6 : 2.6 : 2.5 : 2.6 : 2.5 : 3.3; a little smaller in females (Fig. 9B) , length ratios of antennomeres I-XI 1.0 : 0.6 : 0.7 : 0.7 : 0.7 : 0.6 : 0.6 : 0.6 : 0.5 : 0.5 : 0.7, length to width ratios of antennomeres I-XI 2.7 : 2.4 : 2.6 : 2.5 : 2.2 : 2.3 : 2.3 : 2.1 : 2.0 : 2.0 : 2.5. Pronotum transverse, 1.5× wider than long, disc with dense, extremely coarse punctures, and one pair of lateral depressions; lateral margins strongly narrowed basally; margins concave basally and apically. Elytra longitudinal and broadly rounded, 1.4× longer than wide; disc with random, dense, and extremely coarse punctures. Apical margin of abdominal ventrite V in males straight, with median notch bearing short, oblique ridges at margin (Fig. 9H) . Ventrite V in females with shallow, wide, median, angular notch (Fig. 9I) . Median lobe (Fig. 9C,  D) slender, 5.7× longer than wide, apically tapering from apical 1/3, parallel-sided from base to apical 1/3; opening elongate, located on right, starting from apical 1/7; in lateral view strongly curved, slightly oblique; internal sac with one elongate sclerite, 0.7× as long as median lobe, one additional sclerite located near base of elongate sclerites, base wide and bifurcate, apically membranous. Gonocoxae (Fig. 9F ) elongate, separated, weakly sclerotized except apical parts; apical parts elongate, bearing small, scattered setae and four long setae at apices. Ventrite VIII (Fig. 9E ) longitudinal and well sclerotized; apex rounded; abruptly broader at apical 1/5, with paired cluster of long setae near middle, disc bearing scattered, tiny setae along apical margin; spiculum long and narrow. Receptacle of spermatheca (Fig. 9G ) strongly swollen; pump slender and strongly curved; proximal spermathecal duct deeply inserted into receptacle, broad but short.
Variability. Some specimens have reduced punctation on the pronotum. Different individuals have different color patterns from brown to dark reddish brown (Fig. 8D-F) .
Host plants. Ericaceae: Rhododendron pseudochrysanthum Hayata (Fig. 10A-C) . Biology. Some populations Lochmaea smetanai Kimoto are sympatric with L. lesagei Kimoto or L. tsoui sp. n. when microhabitats are stable at high altitudes (at or above 3000 m). For example, larvae of this species were collected in Kunyang (昆陽) (3050 m) with those of L. tsoui sp. n. (see biology to L. tsoui sp. n. for details). Adults might be long-lived, based on their occurrence in the field from April to December.
Distribution. Central Taiwan, including Miaoli, Taichung, Nantou, and Hualien Counties (Fig. 5B) . Diagnosis. Lochmaea cheni sp. n. is easily distinguished from other members of the species group by the green elytra (Fig. 11A-C ) (entirely reddish brown or yellowish brown elytra in others (Figs 8, 11D-F) ), parallel-sided median lobe (Fig. 12C ) (tapering median lobe ( Figs 9C, 13C ) in others) and opening located more posteriorly, and apical margin of abdominal ventrite V in females bearing a narrow, shallow notch ( Fig. 12I ) (angular notch (Fig. 9I ) in L. smetanai; narrower notch margined with longitudinal ridges (Fig. 13I ) in L. jungchani sp. n.).
Description. Length 6.2-7.2 mm, width 3.3-3.9 mm. General color (Fig. 11A -C) yellowish brown to reddish brown; vertex and pronotum with median longitudinal dark band; each elytron green but with wide yellowish brown band along suture and lateral margin. Antennae filiform in males (Fig. 12A) , length ratios of antennomeres I-XI 1.0 : 0.6 : 1.0 : 0.9 : 0.8 : 0.7 : 0.7 : 0.6 : 0.6 : 0.6 : 0.8, length to width ratios of antennomeres I-XI 2.4 : 2.2 : 3.7 : 3.5 : 3.1 : 2.6 : 2.7 : 2.6 : 2.7 : 3.0 : 3.6; similar in females (Fig. 12B) , length ratios of antennomeres I-XI 1.0 : 0.5 : 0.8 : 0.8 : 0.7 : 0.7 : 0.7 : 0.6 : 0.6 : 0.6 : 0.8, length to width ratios of antennomeres I-XI 3.0 : 2.1 : 3.4 : 3.4 : 2.7 : 2.8 : 2.6 : 2.8 : 3.0 : 3.0 : 3.7. Pronotum transverse, 1.6× wider than long, disc with sparse, extremely coarse punctures, and one pair of lateral depressions; lateral margins strongly narrowed basally; margins concave basally and apically. Elytra longitudinal with lateral margins broadly rounded, 1.3-1.4× longer than wide; disc bearing random, dense, coarse punctures. Apical margin of abdominal ventrite V in males with median notch, bearing short, oblique ridges at margin, weakly concave between ridges. Ventrite V in females medially depressed, with narrow, shallow notch at middle. Median lobe (Fig. 12C, D) slender, 6.8× longer than wide, apically tapering from apical 1/7, parallel-sided from base to apical 1/7; opening elongate, starting from apical 1/5 located on right; in lateral view strongly curved, slightly oblique; internal sac with one elongate sclerite, 0.5× as long as median lobe, one additional sclerite located near base of elongate sclerites, base wide and bifurcate, apically membranous. Gonocoxae (Fig.  12F ) elongate, membranous except apical parts, with one pair of weakly sclerotized, elongate sclerites at base; apical parts elongate, bearing tiny, scattered setae and four long setae at apices. Ventrite VIII (Fig. 12E ) longitudinal and well sclerotized; apex rounded; abruptly broader at apical 1/5, with paired cluster of long setae near middle, disc bearing scattered, tiny setae along apical margin; spiculum long and narrow. Receptacle of spermatheca (Fig. 12G ) strongly swollen; pump slender and strongly curved; proximal spermathecal duct deeply inserted into receptacle, broad but short.
Variability. Some specimens have reduced punctures on the pronotum. Few specimens have yellowish brown elytra but suture and lateral margin reddish brown.
Host plants. Ericaceae: Rhododendron pseudochrysanthum Hayata (Fig. 10D) . Biology. Unknown. Adults are active from July to September. Etymology. This new species is named after Mr Jung-Chan Chen, a member of the TCRT and the first to collect this new species.
Distribution. High mountains along South Cross-Island Highway (Kaoshiung and Taitung Counties). Diagnosis. Lochmaea jungchani sp. n. cannot be distinguished from L. smetanai Kimoto based on external morphology but differs with the relatively slender median lobe, 6.8× longer than wide (Fig. 13C ) (broader median lobe in L. semtanai, 5.7× longer than wide (Fig. 9C)) ; shorter elongate endophallic sclerite, 0.5× as long as median lobe ( Fig. 13C ) (longer elongate endophallic sclerite in L. smetanai, 0.7× as long as median lobe ( Fig. 9C)) ; apical margin of abdominal ventrite V in females with narrow notch margined with longitudinal ridges (Fig. 13I ) (angular notch in L. smetanai (Fig. 9I) ).
Lochmaea jungchani
Description. Length 5.5-6.5 mm, width 2.8-3.3 mm. General color (Fig. 11D-F ) yellowish brown to reddish brown; vertex and pronotum with median longitudinal dark stripe. Antennae filiform in males (Fig. 13A) , length ratios of antennomeres I-XI 1.0 : 0.6 : 0.9 : 0.9 : 0.7 : 0.7 : 0.7 : 0.7 : 0.6 : 0.7 : 0.8, length to width ratios of antennomeres I-XI 2.1 : 2.1 : 2.9 : 3.2 : 2.5 : 2.6 : 2.5 : 2.6 : 2.5 : 2.8 : 3.1; similar in females (Fig. 13B) , length ratios of antennomeres I-XI 1.0 : 0.5 : 0.7 : 0.7 : 0.6 : 0.7 : 0.6 : 0.6 : 0.6 : 0.6 : 0.8, length to width ratios of antennomeres I-XI 3.3 : 2.0 : 2.7 : 2.7 : 2.5 : 2.7 : 2.6 : 2.7 : 2.8 : 2.8 : 3.3. Pronotum transverse, 1.6× wider than long, disc with sparse, extremely coarse punctures, and one pair of lateral depressions; lateral margins strongly narrowed basally; margins concave basally and apically. Elytra longitudinal and broadly rounded, 1.4× longer than wide; disc with random, dense, and extremely coarse punctures. Apical margin of abdominal ventrite V in males rounded, with median notch bearing short, oblique ridges at margin, weakly depressed between ridges. Ventrite V in females medially depressed, with narrow notch margined with longitudinal ridges at middle. Median lobe (Fig. 13C, D) extremely slender, 6.8× longer than wide, apically tapering from middle, parallel-sided from base to middle; opening elongate, located on right, starting from apical 1/6; in lateral view strongly curved, slightly oblique; internal sac with one elongate sclerite, 0.5× as long as median lobe, one additional sclerite located near base of elongate sclerites, base wide, apically tapering. Gonocoxae (Fig. 13F) elongate, membranous except apical parts, with one pair of weakly sclerotized, elongate sclerites at base; apical parts elongate, bearing tiny, scattered setae and four long setae at apices. Ventrite VIII (Fig. 13E ) longitudinal and well sclerotized; apex rounded; 
